Methods
Clean surfaces are prepared by cleaving a bulk piece of muscovite mica in ambient conditions. WS 2 akes are subsequently mechanically exfoliated on the mica substrate. The akes are inspected for monolayers by optical microscopy and atomic force microscopy (AFM). The thin akes are then electrically connected using graphite. The AFM tip is grounded and a voltage is applied to the sample. A schematic representation of the system is shown in Figure   1b in the main text. The samples and the AFM scanning head are inserted in a closed environmental chamber that can be purged with N 2 gas to control the relative humidity (RH).
The RH of the environmental chamber is measured by a humidity sensor (SENSIRION EK-H4 SHTXX). This way the RH could be lowered to < 1% RH. To obtain ambient conditions, the nitrogen ow was stopped and the environmental chamber was opened, resulting in a RH of 40% -60%.
The topography and conductive-AFM (c-AFM) measurements were obtained with an Agilent 5100 AFM. Topography and current images are recorded in contact mode with a conductive Pt tip (12Pt400B, Rocky Mountain Nanotechnology) with a nominal spring constant of 0.3 N/m and a tip radius smaller than 10 nm. Kelvin probe force microscopy (KPFM) maps are recorded with an Asylum Cypher AFM with a Pt probe using amplitude modulated lift mode. For the scanning tunneling microscope (STM) measurements an Omicron LT-STM is used in ultra high vacuum at room temperature with etched PtIr tips.
Layer thickness determination
To determine the thickness of the WS 2 akes that we are measuring, we use AFM topography as shown in Figure S1a . In the gure, a single layer of WS 2 is shown on mica with a folded part. Because the surface forces of the AFM tip dier when scanning across a step of S2 one material to another (in our case: mica to WS 2 ), the height information is not straight forward to interpret. The step can appear much higher than would be expected or can even appear as a negative step, depending on the scanning parameters and trapped water layers and/or contamination layers.
1,2 Indeed a cross section across the two regions (mica and WS 2 ), shown in prole 2 in Figure S1b , shows a much higher step height than the single layer step height of 0.67 nm. 1 The measured step height is 3.5 nm, which is not uncommon for AFM measurements of 2D materials layer. 2, 3 To accurately determine the layer thickness with AFM, one could make use of a cover layer such as graphene or a folded region, since in both cases tip interacts always with the same surface. 4, 5 In our case we do not want to cover our sample. This is why we look for a folded piece to determine the thickness of our samples.
We know that the folded piece has the same thickness as the surrounding ake and when scanning from the folded piece to the main ake, the tip experiences the same surface forces and thus the topography map only includes height information. The step height measured using this approach is shown in prole 1 in Figure S1b ; 0.72 nm, close to the literature value of a single step (0.67 nm). 1 We also note here that the z calibration of our AFM was done on a graphite sample using graphite's well-known monoatomic step height. By knowing the height of the single-layer, we gradually move on to the thicker parts of the ake and accurately characterize its thickness as shown in Figures S1c and S1d. This way the thickness of the FL ake is determined to be 10 layers. 
Thickness dependent work function
The contact potential dierence is measured by KPFM for a ake of dierent thicknesses.
As can be seen in the topography in Figure S2 , the mica substrate is identied to the left of the scan while the WS 2 increases step-wise in thickness toward the right side of the scan as can be seen in Figure S2b . The contact potential dierence map shown in Figure S2c was recorded simultaneously with the topography. Overall, the contact potential dierence increases with layer thickness. This corresponds with a decreasing work function for thicker WS 2 as was found in other work. The V cpd is directly related to the work function of the surface (Φ sample ) by:
where Φ tip is the work function of the tip and e is the elementary charge. Φ tip is calibrated on a thick WS 2 ake directly after the measurement on the thin ake. The measured V cpd on the thick ake was 0.71 V. This can be related to the known work function of bulk WS 2 of 4.3 eV, 6 resulting in Φ tip = 5.0 eV. Figure   S5a . A large range dI/dV curve measured on this fractal is shown in Figure S5b . 
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Carrier injection mechanisms
By assuming the thermionic emission (TE), Fowler-Nordheim tunneling (F-N) and direct tunneling (DT) models on the measured data it is possible to acquire information about the S10 Schottky barrier. For TE, the Schottky barrier height (Φ B ) and the ideality factor (n) can be acquired. As already mentioned in the main text, the thermionic emission model used for a metal/2D semiconductor contact is:
For qV > k B T , this simplies to:
Which can be plotted in an ln(I)-V scale:
This means that we can nd the ideality factor from the slope of the TE regime in the ln(I)-V plot as the slope equals q/nk B T . Similarly from the intercept of this linear TE regime with the y-axis we can obtain the Schottky barrier height, because the intercept equals ln(I 0 ) and:
The contact area, A, is determined from the DMT-model as we have described in previous work. 12 The tip radius was <20 nm and the force applied was 16.35 nN. This corresponds to a contact area of 9.8 nm 2 .
From F-N and DT, a product of the Schottky barrier height and the barrier width can be obtained. This product is referred to as the barrier parameter. It should be noted that the barrier parameter of F-N diers from the barrier parameter of DT. In a F-N plot, the S11 F-N regime can be recognized as it satises the linear relation: 10, 13 ln I V 2 = ln
The slope of the F-N regime then equals −8π √ 2m * Φ 
This means that the data should be tted with a logarithmic function. The right term in 
